Introduction
The quantity of iron and steel production is still an economic potential measure of the country's development. Industrial steel production started at around 1740 when the crucible process was used. In the steel production market, between 1940 and 1970, four different technologies competed simultaneously in deliveries of steel. Currently, two technologies are used, what follows from the needs of the market. Diffusion of the electric steel process results from scrap recycling, the use of continuous casting of steel and possibilities of steel grades production on request. It is related to far-reaching changes in the structure of the steel industry, due to the small size of the production installation, the availability of steel scrap as a raw material and better energy efficiency compared to the previous open hearth process. About 70% of demand of steel is met by the iron ore reduction process and the carbon-rich melted iron processed into steel using oxygen in the basic oxygen oxide converter process. The process is marked as BOS, BOF or LD. This process is an improved Bessemer process. The open hearth and Bessemer processes were completely replaced by LD and the arc processes arc [1] .
The economics aspects of the operation of the furnace, i.e. the reduction of the power consumed by the device per tonne of steel, reduced consumption of the lining and electrodes have been extended to research into ensuring good power quality [2] , [3] . This is due to the fact that the arc furnace is a high power load of a stochastic variable nature. As a result, there are frequent changes in the power consumed by the device, which cause flickers. These phenomena occur mainly in the melting phase, and their frequency has range from 0.5 to 30 Hz. As a result of studies it was found that voltage changes of only 0.5% in the range of 6-10 Hz cause flickering of incandescent and discharge lamps perceptible by man. The second unfavourable phenomenon that occurs during the operation of an arc device is related to the high non-linearity of loadelectric arcs. As a consequence, higher harmonics are propagated to the mains.
Technical solutions used in modern arc furnaces require the cooperation of specialists in many fields such as metallurgy, electro heating, automatics, power engineering, environmental protection. In the electric steel process, metallurgists have play a dominant role. They are responsible for the final technology of the electro-steel process. However, you should ask the question: Have all the problems of the furnace been resolved? The answer is not positive. The importance of some of them was reduced: using computer control, foamed slag,and liquid metal lake. These problems are particularly related to the electric circuit of the arc furnace. The problems interactions arc furnaces during the smelting process on the energy system and the operating characteristics of the power circuit are still open. In the positioning of the electrodes, complex algorithms are used, not taking into account the feedback circuit and arc voltage measurement accuracy. In order to stabilize phase currents of AC arc furnaces, averaged for a few minutes the measured currents is often used. Therefore, we can speak rather of avoiding problems than solving them.
There is a need to do this research in physical form. Therefore, the main objective is to develop an equivalent model of an arc furnace in physical form. The physical model should enable the analysis of the phenomena of higher harmonic propagation and flickering of light in supply network. Such model is proposed. The analyses will be conducted in low-power circuits, thus increasing the safety of persons and reducing the economic costs of conducting research experiments. This model will be useful both for research and teaching purposes.
Physical model of the arc furnace
The electro-energy model of the arc furnace is difficult to implement in simple laboratory conditions. The electric arc furnace is characterized by variable parameters of its operation, chemical and thermal influences harmful to the environment. Therefore an equivalent physical model of such circuit can be useful. In [5] the electronic welding arc imitator was proposed for applications in diagnostics of welding sources. The executive element is controlled by a programmable unit with a mathematical electric arc model. The electric arc characteristics are obtained digitally. As a result it is possible to carry out research in a wide range of currents (without the need to exchange electrodes), with a high speed, easier automation and the lower qualifications of staff. The use of such imitator has many advantages, but in [5] the author focused only on mathematical modeling of electric arc similar as in [6] , omitting the problems of physical accomplishment of the model.
To meet these requirements the electrical diagram of the balanced three-phase circuit with nonlinear load is analysed -figure 1. The circuit has not neutral wire. Nonlinear elements in each phase are electric arcs models in the arc furnace. The voltage U o(t) is the instantaneous value of the potential difference between the star centers of the load and the power source.
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Fig. 1. The scheme of a three-phase circuit with non-linear load [7] Analysis of this circuit with non-linear electric arc model was conducted in [7] . In order to implement of physical model of such a circuit, the nonlinear element in each phase is replaced by Graetz bridge with parallel output capacitor C, isolated DC/DC converter and resistive load R L . The diagram of such circuit is shown in figure 2 . Nonlinear load is described by signum function:
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where: k = 1,2,3 is the phase number, U d -forward voltage of rectifier diode.
For balanced three phase circuit from figure 2, the equations for circuit can be obtain on the basis equation for single phase. The equation for one phase can be written in the following form:
where R d is series resistance of the rectifier diode. The supply voltage is described:
where Ѱ is the phase shiftment angle between supply voltage and first harmonics of the load voltages. The voltage U 0(t) is:
Connecting the resistance load R Lk to the rectifier output without DC-DC converter the second equation has the form: For elimination of interference and separation of electrical ground, isolated DC/DC converter is used. Isolated DC-DC converter with push-pull topology is shown in figure 4 . The DC voltage V IN is converted to the high frequency AC voltage by using SN6501 module and next converted to the voltage level in the transformer Tr1 with split winding. This circuit is called a DC/DC transformer driver. Secondary voltages of transformer Tr1 are rectified and filtered in a low pass LC filter [8] . The control block SN6501 is a specialized integrated circuit manufactured by Texas Instruments, equipped with power transistors Q 1 and Q 2 , cooperating with a transformer with divided primary and secondary winding [9] . Asynchronous frequency divider generates two complementary output signals with input frequencies f OSC . The logical BBM (breakbefore-make) protects against simultaneous switching on of two transistors and ensures dead time between transistor switching on.
Simulation of circuit in MATLAB/Simulink
Simulation of circuit from figure 2 was carried out in MATLAB/Simulink system. The SimPowerSystem package was used. The diagram of circuit created in Simulink is shown in figure 5 . Blocks MGraetza_L1, MGraetza _L2 and MGraetza _L3 include bridge rectifiers connected in star. Rectifiers are supplied from balanced source AC voltage through inductances L k and resistance R k , where k=1,2,3 and is the phase number. Balanced three-phase voltage source created with voltages source and phase shiftment equal 120°. The output ports Ivec, Uvec, Uo -are respectively vectors of instantaneous values phase current, voltages on the rectifier by AC side and voltage potential difference between the center points of the power source and the load. The DC-DC converters are denoted by Conv1,Conv2 and Conv3 blocks. The outputs of these converter are loaded by resistors R L1 , R L2 and R L3 . These resistive loads are connected by common ground, isolated from rest of the circuit. The diagram of isolated DC/DC converter from figure 3 in Simulink is presented in figure 6 . The transformer driver circuit is performed by pulse generator, Pulse1 and Pulse2, which control power transistor T1 and T2. The ideal multi-winding transformer was used, without taking into account the saturation phenomenon of the core.
Waveforms of voltages and currents in analysed circuit
The The obtained instantaneous waveforms of the circuit for resistive load, prove that power circuit of arc furnace may be modelled using bridge rectifiers. Characteristics of bridge rectifier as seen from AC voltage source is signum function of supply current. This characteristic can be further shaped by replacing the resistive load with the computer controlled transistor.
Conclusions
Physical model of the three phase circuit allowing analysis interaction of arc furnace and power system we can realize modeling arc furnace by using simple elements, bridge rectifier and isolated DC/DC converter. Characteristics of such load are similar to signum function. The model can be used in the laboratory and is a basis for analysis of the impact of such load on the power system. The components are designed to work at low currents and without the use of high temperature components. Therefore, cooling systems is not necessary. The resulting instantaneous waveforms of currents and voltages in this circuit are similar to the waveforms in electric arc real circuit.
